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The beam energies, Egear availableare: E, . =Nx E . WhereN=1,2 3, 4, or5. For 1995, E inac= 800 MeV, i.e., available Eg,

800, 1600, 2400, 3200, and 4000 MeV. Starting in 1996, in an evolutionary way {and not necessanly in the order given) the follown
additional values of E|;n.c Will become available: E inac = 400, 500, 600, 700, 900, 1000, 1100, and 1200 MeV. The sequence ar
timing of the avallable resultant energies, E, ., will be determined by physics priorities and technical capabilities.
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Abstract

We propose to make high precision and high resolution measurements of the spin stric-
ture of the proton and deuteron in the region of the nucleon resonances, at two values of
Q% ~ 1 GeV? and ~ 5.5 GeV?. Fundamental properties of the nucleon and QCD will bLe
explored with adequate precision to obtain conclusive information. We plan to use CEBAF s
polarized electron beam at 6 GeV, the Virginia-Basel solid polarized target with NH;3 and

NDj3 materials and the Hall C High Momentum Spectrometer.



1. Motivation

The availability of polartzed electron beams of 6 GeV or higher energies at CEBAF,
substantially broadens the opportunities of physics experiments with polarized beams aund
targets. In particular, it opens up the feasibility of extending the studies of the nueleon spin
structure beyond the D.L5. region that is under current scrutiny in experiments at SLAC
[1.2]. CERN [3] and HERA [4]. into the little known nucleon resonances region, for which
only one set of data is currently available [3]. The extensive past studies of the DIS nucleon
spin structure functions at SLAC [6-12] and CERN [13,14]. have firmly established that
the fraction of the proton spin carried by the quarks is 30%+5%. Our understanding of
the nucleon spin for final state invariant mass W < 2 GeV is far less certain. New results
from the low energy (9.7 GeV) data of SLAC Experiment 143 are expected to make limited
improvements on our existing knowledge, due to lack of spectrometer resolution.

The ohjective of the experiment described in this proposal is to measure in detail the spin
asymmetries for hoth the proton and the deuteron in the region of the nucleon resonances
at two values of ()%, combining the proven solid polarized target technology used at SLA(
in E143, with the advantages offered by CEBAF’s Hall C High Momentum Spectrometer
(HMS), and the beam’s unity duty factor, using essentially the same setup as that of Hall
C experiments 93-026 [21] and 93-028 [22]. These advantages are:

e A much greater solid angle than the dedicated SLAC End Station A (ESA) spectrom-
eters used in E142/E143 [23]. The ratio is 15 to 1 for the ESA 7° spectrometer and 60 to 1
for the 4.5° one.

e A much improved momentumn resolution for the HMS (dp/p = 0.3%), compared to the
~2> 2% resolution in the high Bjorken & range at SLAC.

® No count rate limitations due to high instantaneous current. A 100 nA average current,
which is the highest that the polarized target has been shown to tolerate and still operate

reliably, corresponds to a 4200 times larger: 420 pA/(2ps pulse) instantaneous current at
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FIG. 1. The proton spin asymmetries A; + 54, in the nucleon resonances region, current data

(open circles} and expected E143 results (black circles).

SLAC. This restriction limited E143 data taking at 9.7 GeV to equivalent average beam
currents of only ~ 25 nA.

The smaller momentum bite of the HMS (+10%) compared to that of the SLAC spec-
trometers (£100%), is not of major concern. since the region of interest can be covered with
al most two settings, at any angle. Moreover. it could be compensated in part by choosing a

tune that sacrifices some resolution for a broader hite. since a 0.3% dp/p resolution is quite



satisfactory.

The present spin asymmetryv data on the resonances region are old [53] and have large
uncertainties, while the expected results from E143 have marginal resolution. The situation
15 illustrated graphicallv in Fig.1. Tn spite of E143’s good statistical uncertainties, in that
experiment the W range from the pion production threshold to the upper end of the third

resonance region cannot be resolved in better than three bins.
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FIG. 2. The e —~ p double differential cross section in the nucleon resonances region, at the

resolution expected in CEBAF’s Hall C. Also shown is the extrapolated DIS cross section.

On the other hand, a high resolution experiment using CEBAF’s Hall C HMS could
measure the spin asymmetries with equal or better uncertainties than those of E143 and
with the resolution shown in Fig. 2, in about three weeks running time, for both protons
and deuterons. The Virginia-Basel polarized target used in E143 is capable of polarizing
both protons and deuterons, and its magnetic field can be oriented in a broad range of
angles relative to the lepton helicity or to the the three-momentum transfer q, for the study

of both longitudinal and transverse asymmetries. This capability is fundamental for the



separation of the longitudinal (4,) and transverse (A;) components, which at low energy
have comparable kinematic coefficients (see eq.(9)).

The knowledge that will be gained on 4, and A4, has, of course, fundamental bearing
on our understanding of the properties of the nucleon and its excitations. A, like its DIS
counterpart ¢, (.r) is related to the spin composition of the nucleon. At high r, QCD predicts
that 4, approaches 1: the leading quark carries all the spin. This behavior has only been
tested up to = 0.8 at Q*~ 10 GeV? in E143, with substantial uncertainties due to low
counting rates. The computation of the moments of the spin structure functions to test sum
rules such as the Bjorken sum rule [15] relies on extrapolations from » = 0.8 to @ = 1 based
on quark counting rules [16]. Measuring the asymmetries in the resonances region would
also test if such extrapolations for the asymmetries agree with the local (Bloom-Gilman
(17]) duality observed for the unpolarized cross sections. Since the range 0.8 < r < 1
corresponds to the resonances region for Q%< 12 GeV?, the counting rate conditions favor
CEBAF experiments at this kinematics.

Aj; is related to go(x), which has a significant contribution from twist-3 matrix elements
that describe quark-gluon interactions [18,19]. CEBAF is é unique facility to study the low
()? properties of this fundamental asymmetry. which has been measured at SLAC [12] and
CERN [20] at much higher Q% with poor precision and only in the low and intermediate
x region. The current HERMES experiment has similar kinematics as E143 and is not
expected to contribute A, data at low (<.

The improvements in our understanding of the spin structure of the nucleon resonances
that would result from this experiment, will have a positive impact in a wide range of areas
of fundamental nuclear physics. They would range from additional confirmation of the Af,
magnetic dipole nature of the transition in the region of the A{1232) resonance, that in
polarized inclusive scattering is based on the lone point at £ = 0.45 in the Q% = 0.5 GeV?
part of fig.1, to valuable complementary data on the asymmetries in a region of @* where

the extended Gerasimov-Dreli-Hearn [24] sum rule



g {(r. Q) — e, Q%) dr = IQY) (1)
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that will be measured at CEBAF {25-27] is expected to have a change of sign. The data
at high Q¢ would provide unambiguous information on the validity of the pQCD prediction
[25] that the electric quadrupole transition £2 becomes comparable to M, in that kinematic
regime. These results also would find application in more technical but still very iinportant
arcas like the radiative corrections for polarized electrons scattering on polarized targets.
for which the main source of error comes from the lack of data in the resonance region. In
summaty, this experiment would yield major physics results for a minimal investment in
heam time.
2. Polarized lepton scattering formalism

When longitudinally polarized leptons are incident on polarized nuclei one can compute
the sum and the difference of the cross sections for two opposing orientations #y and @y + 7
of the nucleon spin. The sum is just twice the unpolarized cross section, while the difference
[29], [30] is sensitive to the nucleon polarization. For 85 = 0 (i.e. longitudinally polarize

leptons and nucleons) we get

d*a(0) do(m) e N 4ot E'

dE ~ ddEr ~ ° - OE

(E + E' cos MG, (v, Q%) — Q*Ca(, Q%)) (2)

and for 85 = 7/2 (longitudinal leptons and transverse nucleons) the result is

Po(n/2)  do(3n/2) _ o, 4 _ 4’E
AQdE’ dQdE’ Q'E

E'sin (MG (v, Q) + 2EG2(v, Q%)) (3)

where 8 is the lepton scattering angle, £ is the lepton detector solid angle, M is the nucleon
mass, and ¥ = £ — E’ is the energy transfer; £ and E’ are the beam and final electron
energies.

G (v, Q%) and Ga(v, Q?) are the spin structure functions. They can be related in the

asymptotic limit to helicity distributions of the partons in the nucleon:

lim (Mv)MG{v,Q*%) = ¢ (x), lim  (Mu)rGa(v, Q%) = g:(x). (4)

Q2 v—=m0 Q=



that are functions of the Bjorken scaling variable » = Q*/(2Mv).
An equivalent approach can be followed starting from the virtual photon absorption cross
T

sections for photon helicities +1. -1, O: 0;’"/2.03/.2, J'IT/LZ, from which the spin asymmetries

A, Ay are constructed:

ol = ol MuG(1,.Q?) = Q*Ga(v. Q)

Ay = = {95)
: o, +ol, Wi, Q2)
o7 VBMG Q) + vGa(nn Q) .
=T T Wi (. O%) ’
where a7 = O'ST/.J + o‘?}z. This approach involves the unpolarized structure function
(1, Q%) = (W? — MHaT/(8Mra?), which must be obtained from the more accessible

ones YWy, Q) = Fy(v, Q%) and R(x,Q*) = o1 /or using Wy /W, = (1 + 2Q%)/(1 + R).
The spin asymmetries are related to the measured asymmetries for the longitudinal and

transversal configurations of the beam and target spins (known as Ay and A, 4 = (o™ -

o™)/(c™ + ™)) by expressions that involve kinematical factors, as well as the unpolarized

structure function R{r, Q%).

C -
Ay B(AH—dh) (7)
D
where ' = 1/(1 + nd), n = e/QU(E — ¢E") = gl + €)/(2), ' =14 2[1 +

(v?/Q*)]tan’(8/2) is the usual longitudinal polarization of the virtual photon. D =
(1 —¢E'/E/)/(1 4+ €R) is the virtual photon depolarization factor which is a function of
R, d = I/W and d = nd’.

Experiments that measure only A; cannot separate A; and A, unless additional mea-
surements with different beam energies at tlie same scattering angle are made, since both

spin asymmetries are related to A by

A= D(AL 4+ n4,). (9}

-1



The coefficient i ranges from ~ | at W = [17T GeV to ~ 0.35 at 117 = 2 Ge\’, so the
contribution of 4, cannot be neglected. The recent results from E143 [12] indicate that
Ay i~ 00124 for QF = 3 GeVE 053 < ¢ < 0.75 and shows no Q° dependence, within
uncertainties. Although the E143 results apply to the deep inelastic region. we can use the
average ratio Az/.1; at these high r values to estimate that the total A, contribution to A,
may he > 12%,

3. Test of perturbative QCD

A very interesting application of the asymmetries data to be measured at high * in this
experiment is the testing of the pQCD prediction concerning helicity conservation in the
N-A (1232) transition [28]. Past studies of the @ dependence of the transition form factors
for this and other resonances [31,32] are not conclusive, although there are indications that
the form factors for the second and third resonance regions approach the pQCD behavior
at @*> 3 GeV?, while the A shows a faster decrease than the Q=7 expected dependence.

Large statistical uncertainties due to low count rates at high ¢* and contributions from
non-resonant processes complicate the extraction of the form factors in inclusive experiments.
An exclusive experiment to measure the form factors up to Q%= 6 GeV? has been approved
to run in Hall B [33]. A similar experiment restricted to the A and @%= 4 GeV? has also been
approved for Hall C [34]. In both cases, unpolarized beam and targets are contemplated. In
the present case, the use of polarization degrees of freedom provides a powerful handle to
explore the properties of the relevant amplitudes (helicity or multipole).

As illustrated in more detail in the Appendix. the asymmetry for photo- or electropro-
duction of the A is expected to approach —1 in the perturbative regime. This is due to
the electric quadrupole form factor £, (or #,,) becoming dominant: £, = \/EMI, because
a double spin flip is involved in the process Ny, + v21 — A_sj, where the subscripts
vefer to the helicities of the particles. This process is described by the helicity amplitude
G- = Var(—V3M, + E;)/2, which is strongly suppressed by helicity conservation. (The
asymptotic relation between the multipoles is obtained by setting 7. = 0). A measurement

of the related asymmetry Arr (displayed in detail in the Appendix) to a precision of ~0.1



{absolute) would be a conclusive test (~10% relative) if the asymmetry is of order unity.
and would establish a reasonable upper hound for the £;/M) ratio at the proposed Q*= 5.7
GeVeif the perturbative regime turns out to set in only at higher momentum transfers,

The example in the Appendix is llnited to the the case of the A resonance, but it can
readily be extended to the other resonances for which the asymmetry at high Q? can be
measured at the same momentum setting of the spectrometer. These high Q? studies would
vield high physics henefits for a minimal cost of additional beam time.
4. Kinematic coverage

As we can see from Fig. 3. the nucleon resonances region covers a very large fraction
of the & range for low beam energies, such as the 9.7 GeV case of E143. For the ESA 7°
spectrometer, the kinematic region 0.2< r <1 at @? ~ 1 GeV? is accessible. This same
region would be accessible at CEBAF’s lower beam energies (< 6 GeV) at a 12.5° angle. At
greater scattering angles, higher Q? values are reachable, and the resonances move closer to
r = 1, but the final energy interval

AE A Wi — W)
E' oM+ 4EM — WP - W2

(10}

depends only on the invariant mass range W) — W, and the heam energy £. For £ = 6
GeV, W, = 0.938 GeV (= M) and W), = 2 GeV (<Q?> 1.3 Gev?), AE'/E' = 0.32, so two
spectrometer settings are needed. For F' = 4 GeV three settings are needed, making low Q*

measurements less attractive, at any angle,

4
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FIG. 3. The kinematic range accessible at 6 and 9.711 GeV beam energies and three angles.

The long dashed curves are lines of constant W.

At 35° the average Q* is 5.22 GeV?, but it is 5.7 GeV? at the top of the A(1232). This
is a sufficiently high value of Q% to test the pQCD prediction. The momentum bite and the

upper and lower limits of the final electron energy are related hy

El = E,—E (11)

For E} = 4.984 GeV, (corresponding to the 7 production threshold, Wy =1.17 GeV) a value
£} = 4.130 GeV, corresponding to W, =1.83 eV, is attainable at one momentum setting,
s0 most of the three resonances region can he covered in a single run at 35°.
5. Experimental equipment.

The equipment needed to carry out the proposed experiment is summarized below:

» Polarized 6 GeV electron beam, > 80% longitudinal polarization, 60 to 100 nA beam
current.

e CEBAF’s Hall C HMS spectrometer in a4 tune that combines a 10 msr solid angle, ~

[0



0.3% momentum resolution and £ 10% momentum bite.

e T'hie normal HMS detector package to identifyv electrons and reject pions.

o The Hall ' Mpller polarimeter.

o The Virginia-Basel polarized target, with > 85 Y% NHj; polarization and > 30% ND;
polarization,

o Data acquisition system (electronics, hardware and software) capable of ~ 1 kHz event
rate,
6. Count Rates and running times

The count rate of scattered electrons from the polarized target is given by

[ dQdE"

_ LA do? (12)
where the luminosity £ = 1 x 10*® em™Hz combines a 60 nA beam current with ~ 3 x 0%
em~? thickness for the 3 cm long ' NHj and '* NDj solid polarized targets. The acceptance
A=AFADQ ~ 0.2 GeV msr corresponds to 15 MeV AW increments (which translate into
AE' = 15 MeV near the 7 threshold and AE" = 27 MeV at W = 1.95 GeV) combined with
the HMS solid angle d€2 = 10 msr. The e — p resonance scattering cross section do?/(dQdE")
is based on Brasse's [35] parameterization, and its corrected by the dilution factor f. which
takes into account the fact that both polarized nucleons (3 H) and unpolarized nucleons
(**N, *He and other materials) are present in the target:

_ Npop
Npap + fVIE»No-lEN + Notheraother

f

(13)

where ¥, = p;m;ps is the number of nuclei of type ¢ present in the target, p is the density of
the material, m is the molecular weight, and p; is the fraction of the target volume occupied
by the material (packing fraction). The cross sections are per-nucleon do?(E,8)/(d0dE’)
appropriate to the kinematic regime (resonances region). This implies that the neutron and
proton cross sections are approximately the same, and that the dilution factor is close to

3/(3+15+¢)~0.13 where ¢ < 5 is the contribution of He and other materials.

11



2.5E+3 F— -
2.0E+3 -

1.5E+3

do~/dE'/dQ [nb/st/GeV]

T 1.0E+3

T

ISNH

50E+2 PR G S E T S S I SOV . RS S R S S

FIG. 4. Ammonia (*®NH3) cross section from a combination of >N and 3 times the resonance

¢ — p Cross section.

Of course, the presence of nitrogen and other materials in the target smears out the
resonance shapes that stand out when the target is only hydrogen. Moreover, corrections
must be applied to the measured asymmetries, to account for the small contribution of **N
to the target polarization [9]. Fig. 4 shows a representative shape of the expected spectrum
in the region of interest. The cross section for ammonia shown in this plot was constructed
from a y-scaling model of '2C [36] calculated for similar kinematic conditions {E£ = 6 GeV,
# = 13°), and normalized to '®N, plus three times the e — p resonance cross section [35].

For deuterated ammonia > NDjg the definitions are similar, with the appropriate substi-
tutions of D for p. The numerical value can be approximated by 6/(6+154+5)=0.23.

Table 1 presents representative values of the rates for the proton for different values of
W. The cross section is from ref. [35], combined with a quasielastic tail contribution [36]
that extends down to x ~ 0.5. Also shown is the extrapolated DIS cross section (displayed
in fig.2) from SLAC’s L.W. Whitlow [38,37] global fits to the unpolarized structure functions

F; and R. which are appropriate for our chosen kinematics. The rates are for AW = 15



MeV intervals. and include electrons scattered from all the materials in the target. The tofal
rate for the full spectrometer acceptance at the central momentum setting pp= 4.74 GeV /¢

(B =149 GeV)is ~ 1000 Hz.

Table 1. Kinematic variables, rates and cross sections.

w % Q2 € E' dew/dE’/dg Rate d2r DI§
[GeV] [Gev?] [Gev] [nh/(sr GeV)] Hz] [nb/(sr GeV)]
1.170 0.744 1418 0.960 4984 B3.7 10.1 802
1.230 (684 1.399 0.958 4918 151 5 215 114 .5
1.440 0.526 1.325 0.946 4 648 1111 17.7 150.5
1.530 0469 1,290 0.840 4 534 172.7 29.2 1586.1
1.805 0426 1.259 0.934 4476 1379 245 1891
1.680 0.387 1.226 0.926 4312 194 .1 36.1 160.9
1.930 0.280 1.108 0.893 3.8%4 165.7 472 157.0

The number of counts needed for a given statistical uncertainty (4 4/4) in the measured

asymmetries A and Ay is given by

N = : - (14)
(FP,PAGA/4))

where F, and P, are the beam and target polarizations. Conversely, a data taking run of
fixed duration t = N/R determines the magnitude of (6 A/A). We have chosen the latter
approach. For the main momentum setting (W' = A to 1.71 GeV) we fixed t = 40 hours of
beam with P, = 80%, on a '"®NHj target with average longitudinal Py = 85%, and { = 60 h
on '*NDj, with the same beam polarization. and Pp = 30%. A second momentum setting is
needed (1.47 GeV< W < 2 GeV) to cover the full resonances’ range. For this setting { = 20
hours for protons and ¢ = 30 hours for deuterons is sufficient because the rates increase with
1.

A) was modeled taking as input the resnlts from ref. [5] for @%~ 1.2 GeV?, which are
close to our kinematical conditions, without madification. For the regions of = not measured
in that experiment, we took the weighted average of 4 over the measured range. This is a

reasonable estimate in view of the very large errars of these data, which severely restrict any

13



detailed modeling. Fig. 5 displays a plot combining the values of 4, +7.4;, the depolarization

factor [} and .~1“ = DA, +nds).

Spin asymmetry in the resonance region
CEBAF 6 GeV, 12.5 deg.
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FIG. 5. 4; + nA; measured in SLAC E130 (triangles), the depolarization D and the resulting

Aj| used as model (circles).

The expected results for the proton are shown in fig. 6. and those for the deuteron in
fig. 7. We have used the same A, + .4, model for both proton and deuteron, in the absence
of deuteron data (except for the forthcoming E143 results). This choice is supported in
part by the results obtained for A? in the DIS region [10,39], which show this asymmetry
approaching | at high «, just like the proton’s.

For the high Q% measurements, we assume the same values for the luminosity, spectrom-
eter solid angle, and beam and target polarizations. The dilution factor can he improved
somewhat to f = 0.155 by using '*NHj since the neutron polarization in "N is not a prol>-
lem for this measurement, as it is for 4}. The invariant mass interval can be relaxed to
AW = 30 MeV, doubling the effective counting rate relative to the A;, 4, conditions. [or

fixed data taking time { ~ 150 hours, the statistical error in the asymmetry Apr is 0.15.

14



This precision can be improved to 0.1 (or the time reduced by one half) if the promising

polarized target material ®LiD becomes available before the run.
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FIG. 6. Expected results for the proton plotted alongside the currently available data vs x
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7. Transverse asymmetry.

The separation of the two asymmetries 4, and 4; requires a measurement of the trans-
verse asvinmetry A, This is a necessary condition to understand the spin asvininetries in
more depth than just stating the positivity limit [4;] < R, which seems to be marginally
obeyed in DIS at high « [12]. Taking data in the transverse target field configuration for one
half of the time devoted to the longitudinal configuration, will reduce the ervors in 4, due
to .1, to a negligible contribution (a 14% average increase in the statistical errors of ;).
and will increase our knowledge of A, infinitely. Taking data for a shorter time may not. he
efficient, considering the overhead involved.

Transverse runs during E143 did not present any unforeseen complications. A chicane is
required to compensate for the beam deflection due to the target field, just as is being planned
for experiments CEBAF 93-026 and 93-028 mentioned above. The higher beam energy of this
proposal compared to the ones planned for those Hall ' experiments, simplifies somewhat
the requirements, since smaller vertical deflections are involved, both for the incident as
well as the scattered electrons. The rotation of the target from the longitudinal to the
transverse field orientation was done in less than one 8 hour shift, with the magnet at liquid
He temperature.

For the measurement of App, the target field has to be oriented along the three-
momentum transfer q vector. At the chosen kinematics, this vector ranges from 15° at
W = 2 GeV to 21.4° at the A. The optimum orientation will be chosen based on the
constraints presented by the actual effective angular clearance of the target magnet in the

forward direction {nominally £ 50° relative to the magnet axis).
y g
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FIG. 7. Expected results for the deuteron plotted vs x.

8. Sources of Systematic Error

The systematic errors involved in spin asymmetry studies come mainly from the nature
of the beam and target used. A growing number of experiments (SLAC ES0, E130, E142,
E143 and E154, CERN EMC and SMC, HERA HERMES) using polarization degrees of
freedom have studied in great detail these and other sources of error. The table below
gives conservative estimates of the most significant sources of error expected in the present
proposal.

Essentially the same systematic errors are present for both the low and high @?* parts of

the experiment.
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Table 2. Sources of systematic error
Source Proton | Deuteron
Bean P, 2% 27
Target £, 2.53% 4%
Dilution f 2% 2%
Nitrogen correction < 1% 1%
Pion contamination | < 1% < 1%
Dead time < 1% < 1%
Radiative corrections 2% 6%
Errors from R and £} 3% 3%
Total 5.5% 8.5%

9. Run Plan and Beam Time Request

The running time and experimental conditions described earlier are summarized in table
3 below. The fourth column is the central momentum setting of the HMS, and the fifth
column is the invariant mass range that the HMS can cover at that setting. The times are
net beam hours. An additional 125 hours for overhead (annealing, Megller and target empty
runs and target field rotation) and contingency is included, assuming an 80% efficiency of
the combined accelerator operation and experiment data taking.

Experience with the polarized target operation during E143 indicates that data can be
taken for periods of 8 to 10 hours with Nty and ~ 16 hours with NDj before radiation
damage reduces the polarization to a level that is too low for efficient data collection. The
polarization is restored by annealing the material to about 80 v, in about one hour. Time
for 10 anneal cycles is included in the overhead.

The polarization of the beam will be measured at every target change (10-16 hours).

About 25 Mgller runs (each one hour long) are also included.

I=



Table 3. Run Times and experimental conditions.

Scattering B, Target{ p, WIl- Wh | Time
angle Orientation GeV/e (GeV hours
12.5° Longitudinal | NHxy | 4.737 [0.938 - 1.710¢ 40

ND; 60

NH; 4.206 | 1.170 - 2.000 20

NDj 30

Subtotal longitudinal 130
Transverse NH; 4.737 (0.938 - 1.T10 20
ND; 30

NH; 4.206 |1.470 - 2.000 10

NDj 15

Subtotal transverse 5
Subtotal low Q% (12.5°) 225
35° 15° w.r. beamm| NH; 4.589 1.11-1.83 154
Overhead and contingency 33% 125
Total H04

The total request 1s 21 calendar days.

10. Prospects for improvement before the run

19

The future availability of more advanced target materials, such as ®LiD, obviously en-
hances the possibility of further polarized target experiments at CEBAF. LiD has becn
shown to polarize up to 70% for each nuclear species, in a 6.5 T magnetic field. [40]. The ®L;
nnclear structure consists, to a good approximation, of an « particle and a deuteron hound
system. Therefore, for inelastic scattering °LiD) behaves like two polarized deuterons, with a
50% fraction of polarized nucleons, i.e. a dilution factor of one half. This is a very attractive
combination for experiments which are indifferent to scattering {rom a polarized proton or

neutron (such as A production), or exclusive experiments, for which the final state particles




are relevant.

The feasibility of carrying out studies at higher values of the momentum transfer is
significantly increased with LiD, hecanse the large dilution factor compensates the lower
count rates expected at high @2 Our group is intent in testing the properties of LiD) in
the conditions of our target (5 T magnetic field at 1 K), for possible applications at SLA('
(studies of the gluon polarization from J/4" leptonic decays) and at CEBAF (this proposal).
The material is being obtained from two sources {Loa Alamos and Livermore National
Laboratories). LiD (like ammonia) needs to be irradiated at low temperature (180 ) so
paramagnetic centers are created to transfer the electron polarization to the nuclei. The
irradiation will take place at Stanford University's 20 MeV accelerator. The tests will he

carried out this spring at UVA’s test facility.
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APPENDIX



Studying PQCD with Polarized Beams
and Targets

PQCD prediction: Hadron helicity is conserved
Specific example: A ;55,) electroproduction at high energy.

3 helicity amplitudes: (Breit frame)

N-Il"l
= 2
G Nyp +71> 4y FZ PVAVAVA D
“A-l/z Yl
2 N71."2
Gy Nip t1->4p -— )\/\/Y\/\@
A—lfz Y
o N
G: Ny +7,>4A3, - NN
A Yo
QCD says:
Gy adds an m/Q term to G (~ l/Q3), flip 1 spin.
G_ 7] (m/Q)2 i £t 2 ’"

Therefore at high Q2 G_ << Gy << Gy

In terms of multipole amplitudes:

G, = Van(M;+V3E)2
G_ = Van(-3M,;+E)2 =70 => E, = B M,

Q? 5w
G, = V4r Qlq G, = 0



From G. to the G (Q? form factor

The cross section for A electroproduction is

do _ 4on(v: + Q) *
dQdE' Ly [km,(m,” — my’) G u(@)

where I'; is the virtual photon flux factor, and
G w(0?) is the A transition from factor.

The connection between G’y and the helicity amplitudes G, g
was made by Carlson [Phys. Rev. D34 (1986) 2704]:

2,00 2m 2 2 2
G'w@) = v2+NQZ (G’, + G +2eG)
which as O° - o become

G'wQ) = J%ﬂ‘“z G.~ 1/’

The ratio of G’y to the nucleon dipole form Gp= 3/(1+ 0*10.71)
at high O° should be ~ 1/Q, so

o (G*M/GD)2 ~ constant, as(Q — ©
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Polarized A electroproduction on NH, or ND,

e-p scattering => AT => g0 P

T[+l’1

Both have equal o
e-n scattering => AY => 1~ p

70 n

d?c / dx A
e- n’uc eus - + f P Pt ~ . .
dCAdE dQ dQ f = dilution
P,, P, = beam, target pol.
dz 2 2 2
= K(Gy* + k(G2 + G_9))

10 0 U
‘;?2 = K(k; sinBycosdpGoG, + k;cosOy(G_2 — G,2)

where K, &y, ky, ki are kinematics terms

0y = in-plane target polarization orientation relative to q

We want 6y = 0, ¢, = 0 to extract G_?
dAVAQ k(G 2-GiY)  Pow kG2 kg

d2dQ Gyt +ky(G,2+G2) kG2 ky

In terms of multipoles: (0? = oo, E,= V3 M,, C,=0)

dA/dQ A M,? - E,? —6Re(E,*M,/\3)

= = -
d=/dQ B k C,2 +2M,2 + 2E,2
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Proposed measurement

dA/dQ Ky
dX/dQ kt

Measure = -1 to ~10% statistical precision

Use 14ANH3  (f= 17% in the A region)
I4ND3 (= 30%); 6LiD (/= 50%)

Kinematics (CEBAF)

Beam energy E = 6 GeV
Scattering angle 0, = 35° Q2=35.7 GeV2
Oq=21.4° 0. + 64 =56.4° > 50° (magnet opening)
Using Oy =-— 6.4° (target angle w. r. t. q; ON-beam = 15°)
Contamination from Gg G+ contribution:

(kL / kT) sin 6.4° (Gg / G3)[5.7 GeV2] < 0.5%




